Positions of 89,422 stars in 398 Ðelds of extragalactic reference frame sources have been determined using the Hamburg Zone Astrograph (northern hemisphere) and the US Naval Observatory Twin Astrograph, then stationed at the Black Birch Astrometric Observatory, New Zealand (southern hemisphere). Most stars are in the magnitude range 12 ¹ V ¹ 14, and the positions are accurate to B50 mas per coordinate at the epoch of observation, which ranges from the beginning of 1976 to the end of 1991. The catalog (ERLcat) is available on-line from USNO.
INTRODUCTION
The International Celestial Reference Frame (ICRF) is based on VLBI positions of B600 compact, extragalactic sources, mainly quasars (Ma et al. 1998) , 212 of which deÐne the system. In 1997, the IAU adopted the Hipparcos Catalogue (ESA 1997) as the optical realization of the ICRF . Before that time, the Fifth Fundamental Catalogue (FK5 ; Fricke, Schwan, & Lederle 1988 ; Fricke, Schwan, & Corbin 1991) , based on transitcircle observations, deÐned the celestial reference frame.
In the early 1970s, an observing program was designed in collaboration between Hamburg Observatory and the US Naval Observatory (USNO), with the goal to provide a link between the radio VLBI observations of compact, extragalactic sources and the optical reference frame (de Vegt & Gehlich 1978 ; Johnston et al. 1988 ; Ma et al. 1990 ). The di †erence in brightness between the primary optical reference stars (International Reference Stars and Hipparcos) and the optical counterparts of the ICRF sources is large (B10 mag), and a 2-step observing procedure was adopted. Positions of faint (to V B 14) secondary reference stars in about 1 deg2 areas around the sources were obtained from observations with wide-Ðeld astrographs, capable of linking to the primary optical reference stars. The positions of the optical counterparts were then obtained from deep CCD exposures at larger telescopes, utilizing the secondary reference star positions.
Early results of this program were presented elsewhere (Zacharias et al. 1995) and are included in the radio-optical link of the Hipparcos Catalogue (Kovalevsky et al. 1997) . The Ðnal link results were published recently (Zacharias et al. 1999) . The astrograph observations and the resulting astrometric catalog are described here. Special e †ort has been made to control the systematic errors. The catalog of the highly accurate positions is available from the Astrom- (Zacharias et al. 2000) .
OBSERVATIONS
During the period 1976 through 1991 (see Table 1 ), a joint Hamburg Observatory and USNO observational program was conducted, covering both hemispheres to determine precise optical positions of faint reference stars (mostly for 12 ¹ V ¹ 14) in 1¡ ] 1¡ Ðelds centered at the position of 398 radio sources, mostly ICRF sources. The distribution of the observing epochs is shown in Figure 1 . For each Ðeld, several plates have been taken with highquality astrographs in a narrow bandpass of the visual spectral region. The northern hemisphere was covered by the 23 cm zone astrograph located at Hamburg Observatory (ZA). The southern hemisphere was covered by the USNO Twin Astrograph, then stationed at the Black Birch Astrometric Observatory (BBAO), New Zealand. Only the yellow lens (BY \ BBAO yellow) was used for this program. Some details of the instrumentation are listed in Table 2 . For more information about the telescopes, the reader is referred to de Vegt (1978) and Routly (1983) for the ZA and BY, respectively. Plate statistics are given in Table 3 . Some selected Ðelds in the equatorial region have been taken with both instruments, to investigate instrumental errors.
All plates have been taken with a 6 mag objective di †rac-tion grating to control possible magnitude-dependent systematic errors. Plates of both telescopes cover a Ðeld of at least 5¡ ] 5¡, on microÑat, 6 mm thick plates with Kodak 103a-G emulsion. (Lasker et al. 1990 ) stars have been selected, and anonymous stars have been added to densify the Ðeld and provide a homogeneous star distribution in the Ðeld.
All plates have been measured in direct and reverse orientations on the modiÐed Mann 422F machine at Hamburg Observatory (Winter et al. 1992) , using a CCD camera to center each star of the measuring list. The accuracy of this measuring machine is on the order of 0.5 km, and the precision is limited by the grain noise from the emulsion, which for the coarse 103a-G emulsion is B0.7 km. 
REDUCTIONS
The adopted reference frame for the plate reductions is the ICRF as represented by the Hipparcos Catalogue. On each plate, all Hipparcos stars (typically 70È80) with V º 7 mag have been measured in the full plate area together with their Ðrst-order di †raction images, if measurable.
For the conversion of measured rectangular (x, y) plate coordinates to tangential coordinates (m, g), the following 8-constant plate model has been adopted, with separate parameters for the orthogonal and nonorthogonal linear terms :
Prior to the reduction, the measurements were corrected for a small third-order optical distortion term (¹30 mas deg~3), which was determined in pilot investigations for each instrument. All measurements have been corrected for refraction, aberration, precession, and nutation at the individual plate epochs. The mean error of unit weight of the plate solutions was typically 0.7 to 1.3 km (Fig. 2) , corresponding to 70 to 130 mas at the 100A mm~1 plate scale.
A possible magnitude equation of the plates due to errors of residual guiding, optics, and atmosphere has been corrected using the mean o †set (D0 [ D1) of the positions as obtained from the Ðrst-order di †raction images (D1) with is shown in Figure 4 . The mean error of a catalog position is about 50 mas per coordinate and is a function of magnitude (Fig. 5) . At Black Birch the sky conditions were better than at Hamburg ; thus, the limiting magnitude and the position errors at the faint end are signiÐcantly di †erent for BY and ZA. The distribution of the Ðelds on the sky is shown in Figure 6 . The positions are given for the mean epoch of the observations and are strictly on the Hipparcos system, thus on the International Celestial Reference System, which is close to the J2000 system. The release of the data comes in 2 Ðles. The Ðrst is a table A direct comparison of radio source positions based on this catalog with the corresponding ICRF VLBI-based radio positions is possible, because they are on the same system. However, the epoch of the optical data needs to be considered. There are no proper motions given with this catalog. Results for over 300 sources have been published (Zacharias et al. 1999) . This catalog provides a homogeneous set of star positions in Ðelds covering the entire sky that could be used for astrometric calibration of CCD data.
